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ABSTRACT 
An Econ omi c Anal ysis o f Farm Flock Sheep 
Product i on in Utah 
by 
Ken Beck, Master of Science 
Utah State University, 1981 
Major Pr o fessor: Dr. Da rwin B. Nielsen 
Departm ent: Agricultur a l Eco nomi cs 
Th e purpose of this study was to evaluate the eco nomic 
aspects of farm f lock sheep producti on i n Utah. Usin g 1979 
as a b ase year , costs and returns were calculated from da t a 
obtained from twenty- six Ut ah f a rms. Char acte ristics th at 
typify the states· farm flo ck sheep produ ctio n, a t this 
writing, with reg a rd to: 1) t he f a rm flo ck producers and 2) 
the f a rm flo c k ent e rprise . wer e presented . 
Various models were dev e loped and examined usin g 
Multip le Re gressi o n an d Linear Programming analytical 
te chni ques. Multip le Reg r e ss io n was us e d to estimate th e 
effects that different variables had on the pr ofitability of 
the sh ee p enterpris e . The most significant vari able s wer e 
found to be: 1) the number o f years ea c h produce r has bee n 
in volved in sheep productio n and 2) number of years r ams are 
r etained for breedin g purposes. Linear Progr amm ing was used 
to ma ximize the r elative net returns bet ween : 1 ) a 
traditio nal method of f arm flo ck sheep production in Utah. 2) 
an accele r ated pr od uction pr ogram wh e re thr ee la mb cro ps are 
X 
pr oduced in two years , and 3) an intensive program wher e two 
lamb c r o ps are produced in one year. The accelerated 
l ambin g program pr od uc ing thr ee lamb crops in two years 
consistently demonstrated the highest re lative net retur n. 





The establishment of the sheep industry in Utah can be 
attributed to efforts of early Mormon settlers. During the 
1800~, the number of sheep in the state increased steadily 
as flocks trailed westward. It was during this immigration 
process that sheep were traded for other livestock, feed, 
and provisions. On one occasion. it was reported that a 
New Mexico trail flock wintered at the town of Lehi in Utah 
County. At which time, half of the f lock was traded to the 
Mormon settlers for feed for the remaining livestock moving 
westward . During this period, church leaders encouraged the 
use of improved sire stock to upgrade the quality of the 
flocks raised in the state . By 1851, there were more than 
five thousand head of Eastern sheep breeds in Utah (Paul, 
1976) . 
From this peri od to 1900, the estimated inventory of 
sheep and lambs on farms in Utah accelerated to 2,553,1 34 
head (Nielson, 1961). Th e industry continued to face 
constant increases in numb e r s until the maxi mum number 
(2,935,000 head ) of stock sheep in the st ate was reached in 
1931. The preceding half century led to the decline in the 
states• sheep population to just over a half million head. 
In the United States, the sheep industry has been 
represented by annual declines in sheep inventory numbers. 
This trend has followed an undeviating pattern sin c e 1961. 
However, current sheep production in the United States docs 
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appear to have demonstrated a modest turnabout. The 
beginning inventory of sheep and lambs on farms for January 
1980, was assessed at 12.5 million head. An increase of two 
percent from the beginning inventory in 1979 (LMS, USDA, 
ES CS , 1980). 
Sheep product i on in Utah follows much the same norm as 
shown on a national basis. The 1980 inventory o f sheep 
produced in Utah increased by four percent above that of 
1979. This being one of fou r increases observed in stock 
sheep inventory numbers since 19 31 ; at which time stock 
sheep inventory numbers were established. Table 
illus trates the reduction in Utah's sheep population over 
this forty-eight year period. 
Background of the Problem 
Sheep production in the United States is concentrated 
most heavily in the Western States. Producers in this 
region utilize private and public lands to meet their 
livestock feed requirements. Based on ending invento r ies of 
sheep and lambs produced in the United States for 1979, the 
tot al was 12,512,600 head. Of which, 10, 248,000 he ad or 
eighty-two percent were pr oduced in the seventeen western 
states, with Utah contributing 507,000 head or 4.05 percent 
(Sheep and Goats, USDA, ESCS, 1980). Total sheep and lambs 
on farms in 1959 came to 33,170,000 head (LPI, USDA, ESCS, 
1961). This would indicate a total reduction in the United 
States sheep population of sixty-two percent over this 
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Table 1. Sheep and lambs: The decline in Ut ;,hs' sh ee p 
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Source: Utah Agricultural Statistic, 1980, p . 51. 
twenty year interval (1959-1979 ) . Figure illustr a tes the 
distribution of sheep and lambs produced in the seventeen 
western states during 1979. 
From 1969 to 1979, stock sheep and lamb numbers 
decrea sed by forty-eight percent , while the number of 
producers declined by thirty-six percent. Table 2 
illustrates the decline in sheep numbers and producers over 
this ten year interval in the seventeen western states. 
There are several reasons which partially explain the 
decline in the sheep industry. Among the most prevel ant 
are: 1) shifting to a less labor intensive oper a tion (e.g . 
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Figure 1 : Distribution of sheep and lambs produced in the 
seventeen western states during 1979 . 
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Table 2. Change in stock sheep numbers and producers in 















Changes in number Changes in number 
of stock sheep & lambs of sheep producers 
Thous and Percent Th ousand Per cent 
-771 - 5 -4.0 -6 
-216 - 2 - 2.5 -4 
- 973 - 1 - 2.1 -3 
- 130 - 6 -1 . 7 - 3 
- 900 - 8 -7. 2 -12 
-1,026 -9 - 3 . 2 -6 
- 660 -1 -1. 3 - 2 . 7 
- 345 -4 -.5 -1.0 
- 64 - .1 -. 2 -. 4 
+60 +.68 +1 .2 +2.4 
Reporting Service, Sheep & Goats. USDA, 
each D. C. (Various issues released in January 
*Ma n y discrepencies were encountered in th e published data. 
Fi nal estimates were utilized, where possible , to alleviate 
this problem. 
wh ich yields comparable or better net returns with a 
reduction in time and personal effort expended, and 4) 
continuing problems of high livestock losses to predation 
(Gee, et . al., 1976). 
The difficulties generated b y these probl ems, not only 
discourage the pr oduction o f lamb and wo ol with individuals 
currently in the industry, they also have an oppressive 
effect on new entries, as well as those contemplating taking 
over existing family operations (Gee and Magleby. 1976) . 
This r es ults in furth e r declines i n production when family 
memb ers choose to turn to more attractive alternatives as 
opposed to carrying on the she e p production tradition. 
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Problem and Purpose of the Study 
The dilemma which sheep producers face in the 
production of lamb and wool in the United States , is one of 
r eversing the pattern of production declines that have 
prev ai led over the l ast half century, and maintaining recent 
favor able marketing conditions with reg a rd to lamb prices. 
At present, lamb and woo l are in demand in th e United 
States, and lamb is cur rently being imported to meet these 
demands. The dem a nd for wool as a natural fiber has 
increased , and increased wool production would de crease the 
United States' petr oc hemical depletion from production of 
synthetic fibers (Haugen, et . al., 1980 ). 
The purpose of this study is to evaluate the economic 
aspects of farm flock sheep produ ction in the state of Ut ah. 
The information acquired from this resea r ch will be used to 
make pr o ject ions regarding the in crease in sheep production 
profitability under improved mana gement a nd livestock 
handling techniques. In so doing. it is believed that this 
study will make a positive contribution to the sheep 
industry. 
Objectives 
Th e objectives of this study are: 
1) To ascertain th e cost and r eturns of farm flo ck sheep 
produ ction in Utah b ased on 1979 prices. 
2) To identify specific problems which ha mp er f arm f lock 
produ ctio n of lamb a nd wo ol in the state . 
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3) To estimate th e economic impact of impliment ing one of 
the following impro ved ma nag emen t systems: 
a) acce lerated lambing prog r am. with three lamb crops in 
two years. 
b) an intensiv e l ambing program with two lamb crops in 
one year. 
4) To evaluate future farm flock production trends as seen 




This chapter will present a brief review of topics in 
the literature that focus on the main points of analysis in 
this thesis. These topics are: 1) Economic history of farm 
flock sheep production in Utah, 2) Potential for improving 
sheep production using accelerated lambing programs, and 3 ) 
Early weaning and lamb care relating to accelerated lambing 
programs. 
Econ omic History of Farm Flock 
Sheep Production In Utah 
Studies de aling with the economic importance of sheep 
production in Utah are limited . The only study emphasizing 
farm flock sheep production is a thesis written by Bruce E. 
Nielsen, "Economi cs of Farm Flock Sheep Production in 
Northern Utah" (Nielsen, 1961). 
This study focused on the production year 1959 in Box 
Elder, Cache and Weber counties. There were a total of 
nin ety-six farm flock s, ranging from twenty-one to 285 head 
of stock sheep involved, with an average f arm flock size of 
seventy-seven head. The method used to collect data from the 
ninety-six producers participating in the study was via a 
personal su r vey . The data were compiled and analyzed on an 
ani mal unit basis (one animal unit was equivalent to five 
mature ewes and their lambs, five yearlings, or five rams ) . 
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A value of $230.62 per animal unit was an average capital 
investment for all enterprises. Aver2ge re ceipts amounted 
to $151.52, while average costs were $188.97. Items us ed to 
calculate total receipts were: 1) sale of lambs, 2) sale of 
wool and pelts, 3) inventory increases, 4) manure credit, 5) 
government payments, 6) sale of sheep, and 7) home use 
value. Items used to derive total costs were: 1) feeds, 2) 
labor, 3) maintenance, 4) overhead costs, 5) power, and 6) 
materials. This produced a net return to the enterprise and 
management of a minus $37.45 per animal unit, for the 
average farm flock. However, there did exist a direct 
relationship between the number of animal units and net 
returns. As the number of animal units increased so did the 
value of net return per animal unit. 
of the ninety-six involved in the 
Sixteen producers, out 
study, disclosed a 
positiv e net return for the production year . 
An inverse relationship existed between costs per 
animal unit and numb e r of owned animal units. This was 
evident by reductions in interest, overhead , and labor 
costs as the number of animal units increased . The study 
showed that net returns also increased as percent l amb crop 
i ncreased. Which simply amplified net returns by boosting 
total receipts . 
Six measures of efficiency were examined to ascert ain 
their effect on net returns. These measurements were: 1) 
percent lamb crop, 2) value of wool sales per animal unit , 
3) number of animal units per enterprise, 4) feed cost per 
one hundred dollars receipts, 5) hours of man labor per 
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animal unit, and 6) value of lamb sales per animal unit. 
Net return per animal unit showed a positi ve relationship as 
the number of efficiency measur es better than average, 
incr eased . 
The two major factors involved with the calculation of 
income, and subsequently net returns were lamb and woo l 
sales. The average lambing percentage indicated by the 
study was 130 percent, and the average pri ce received per 
pound of lambs was nineteen cents. Average values realized 
for the sale of wool and quantity of wool produced per 
animal unit , amounted to forty-three cents per pound and 
forty-seven pounds respectively. 
Accelerated Lambing Programs 
Any increase in the number of lambings in relationship 
to the age of the ewe is referred to as accelerated lambing 
and inc ludes: 1) starting lamb production at a younger age, 
and 2) breeding and lambing at intervals more frequ e ntly 
than twelve months (Hulet, 1978, p.1). 
Harrison (1980) conducted a study of the potential for 
improving sheep production and the profitability of sheep 
enterprises. This study was based on the us e of available 
innova tions to boost lamb yields. The study concluded the 
use of such innovations is limited throughout the sheep 
industry. Some of the innovat ions listed in the study a r e: 
1) Intensive selection to improve r e productivity and growth 
traits. 
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2) Twice a year lambing. 
3) Out of season mating . 
4) Twin or triplet lambing through use of hormones or new 
breed s . 
5) Artificial in semination. 
6) Early weaning a nd lamb nurseries. 
7) Ultrason i c pregna ncy checking and timely rebreeding or 
culling. 
8) Ram fertility and comp etence testing. 
9) Predator avoidance and control . 
10) First year lambing of ewes. 
11) Synchronized breeding (inducing estrus so a flock of 
ewes can be bred within a two or three day period). 
12) Induced daytime lambing. 
13) Hand mating (breeding ewes individ ually in a pen with a 
ram ) . 
14) Parasite and disease control. 
A breif discussion of each of these innovations is presented 
in Harrison's manuscript. 
Harrison points out that few sheep producers can 
capture the benefits from these innovations because: 1) few 
of the innovations are adaptable to the typical range sheep 
system, and 2) many producers lack sufficient sheep numbers 
to cover the costs of adapting the innovations. For 
benefits to be r ealized from sheep production in close 
confinement, using recent technologi es , whole new production 
systems will need to be developed. This brings with it th e 
potential for high r eturns as well as high risks. 
Harrison's study 
syst ems : 
eval uated 
1) t o tal 
four different 
co nfin ement , 2) 
12 
sh ee p 
semi -pr od uctio n 
confinement, 3) ran ge and pastur e production with lamb i ng 
shelters, and 4 ) ran ge and pasture product ion with no 
buildings. Budgets were prepared for each enterprise us i ng 
one thousand ewes as a b ase production unit . Investment 
leve ls were on a per e we bases, and included facilities, 
equipmen t, machinery, and livestock. Th e estimated level 
of investment for each o f th e above mention ed enterpris es 
was: 1) $ 364, 2) $25 4, 3) $119 , and 4) $8 4, respectively. 
The number of lambs born per ewe per year for ea ch 
enterprise was estim ated at: 1) 3 .6, 2) 2 . 78, 3) 1. 3 , and 
4) 1 .17, respecti vely . Two lamb crops per year per ewe were 
assumed for the total confinement system, three lamb crops 
per ewe in two years for the s emi-confinement system, and 
one l amb crop per year per ewe for each of the other t~o 
syst ems. 
The total confinement syst em is based completely on 
controlling the environment of the sheep produc tion process . 
Ewes may utilize pastures only wh en they are not undergoing 
special treatment. Under this system pastures pr ovide fiv e-
eighths of the rou g hage consumption for ewes and r ams. 
Lambs are never put on pastur e. Lambs receive a complete 
ra t ion and are fin ished in a n outside f eed lot. Ew es 
rec e ive one-eighth more feed during lactation to keep pace 
with hig her lambing pe r cen t age s a nd wea nin g rates . 
Th e semi-confin ement system differs fr om the total 
confinement only by using an open front building. 
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All the 
new technolog ies can be utilized, with exception of those 
whi ch require a higher degree of environmental control 
(e.g., l ight therapy to induce estr us) . 
Range and pasture production systems with lambing 
shelters, utiliz e an open front building for lambing only. 
Lambs are finished on range and pasture. Ewes acquire half 
of their roughage from pasture , three -ei ghths from r ange, 
and one-eighth from harvested roughage. 
Range and pasture produc tion systems with no bui lding, 
carry out all phases of produ c tion on pasture and rang e 
with minimal supervision. Th e dietary requir ements for 
both ewes and lambs a re furnished in the same manner as 
un der range and pasture pr od uct i on systems with lambing 
shelters. The last two systems do not allow for intensiv e 
treatment of ewes and lambs for improving production. 
Table 3 lists the theoretical results of Harrison's 
study us in g 
hundredweight). 
l amb prices ne a r 1979 levels 
Returns wer e fore cast using two 
($65 per 
alternate 
market lamb prices, ($55 a nd $75 per hundredweight). The 
results of these alternate price levels are compared to 1979 
price level for market lambs in Tabl e 4. 
It should be noted that the results Harrison derived 
are idealized and do not represent the situation found in 
actual sheep production. Howev e r , the results do represent 
a perceived potential for increasing sheep production und er 
intensive systems. 
The literatur e contai ns a great deal of research which 
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Tab l e 3 . Investment, c osts, and r e turns per ewe ( 1000 he ad) 





per ewe $ 364 
Fixed cost 
per ewe 52 
Feed cost 
per e we 11 8 
Total annual 
cost per ewe 227. 36 
Tot a l income 
per ewe 241 . 80 
Total income 


































illustrates t he potential f or increaseing reproductive 
efficiency in sheep, us ing hormone therapy . At the United 
States Shee p Experim ent Station, Dubois, Idaho, Dr . C. V. 
Hulet and J. N. Stellflug ( n. d.) have noted the problems 
which a re being faced when using exogenous hormone therapy . 
Although the normal breeding season varies 
somewhat with geographic a r eas, o rdin arily by the time a 
ewe breeds, gestates, gives birth to a lamb, and 
re covers physiologically f rom pregnanc y and early 
lac t a tion, the breeding season is past and there is no 
opport unity to r ebreed until the next norm a l breed ing 
se a son . This circumstance led to the initial enthusiasm 
for the use of hormone therapy to stimulate o ut - of-
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Table 4. Investment, costs, and returns for one thousand 
ewes, using three different ma rket lamb prices, under four 
differnt management systems. 
At $55 per 
hundredweight 
total income 




per ewe $-19.17 $-16.64 
Rate earned on 
total investment 
(percent) - 0.3 -1.6 
At $65 per 
hundredweight 
tot al income 
minus total cost 
per ewe 
Rate earned on 
total investment 
(per cent) 
At $75 per 
hundredweight 
total income 
minus total cost 
per ewe 
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season breeding to accelerate the time of the next 
lambing by three or four months. Some success was 
acheived by such hormone therapy. Now, howeve r , 
increasingly stringent requir ements of the Food a nd Drug 
Administration have mad e it almost impossi b le to 
continue with the us e of horm ones to acheive accelerated 
lambing frequiencies. Clear evide nce must show that a 
drug is efficacious and also that no residues are left 
in the animal tissues. Because of the extremely high 
16 
cost of providing such evidence by tests of approved 
specificity and sensitivity , we see no hope that the 
drugs required for inducing out-of-season breeding will 
become available. A further discouraging fact is that 
even tho ug h one of the two required hormones has been 
approved for use in sheep, the hormone cannot be 
produc ed commercially because the potenti a l market is 
not large enough to make it economical. Therefore, if 
accelerated lambing frequencies are to be realized we 
must l ook to our own management and breeding skills, 
factors which are not controlled by feder al agencies or 
the profit motive of drug companies. Thi s implies, of 
course, that we must have ewes of the right breeding 
and also management skills that will allow ewes to come 
in heat and br eed naturally at the time we wish them to 
breed. (Hulet & Stellflug, N.D. p. 1). 
Hulet (1978) indicated the possibility of accelerated 
lambing without the use of hormone therapy is encouraging. 
Th e following two reports s upport his position . Carter 
( 1968) demonstrated the potential for improving production 
over a four year period usin g Hampshire X Rambouillet and 
Suffolk X Rambouillet ewes, by averagi ng 2.8 lambs born and 
2 . 5 marketed per ewe per year in five lamb crops, and 
(Shelton, 19 68) increased lamb production by ~3 - 5 percent 
over once a year lambing. 
The fe asability of accelerated lambing without hormone 
therapy is even more encouragi ng with newly developed breeds 
of sheep. Scientists at Beltsville, Maryland are developing 
a breed called, "Morlam", whi c h will breed naturally more 
than once per year without sensonal breeding restrict i ons . 
Hulet points out, that additional lamb crops will also 
mean additional cost, (e.g . , feed, labor, and medicines 
associated with additional gestations, parturitions, 
lactations, and lamb finishing) . However. the economic 
advantages appear to be; 1) improved efficiency associated 
with greater volume of produc tion, and 2) 
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redu c ed 
mainten ance and capit a l investment costs per uni t of 
production. 
Whiteman (n. d.) at Southwest Livestoc k and Forage 
Research Station, Oklahoma , summari zed the results of two 
research proj ects which attempted to ascertain the 
f easability of lambing every six months and lambing at 
eight-month intervals without hormone therapy. 
Th e first proj ect util ized about 180 ewes o f Dorset, 
Rambo uil let and Dorset X Rambouillet breeding. These ewes 
were st udi ed to determine the productivity of a sixty day 
mating pr ogram starting in mid April and the middle of 
October. Of thos e e wes lambing in the f all, seventy-seven 
pe rc ent conceived at an average interval of forty-four days 
following lambing. Tw enty thr ee percent of the ewes lambing 
in the spring conceived at an average int erval of sixty-s ix 
days following lambing. Th e weaning of spring lambs at 
app roxi mately thirty days o f age made a modest improvement 
on the co nce ption rate of ewes that were to lamb the ne xt 
fa ll. The straight Rambouill et and Dorset ewes produced an 
average annual lamb c rop of 145 percent, whil e the Dorse t 
Rambouillet crossbred ewes averaged approximately 180 -1 85 
percent. 
Approximately 250 ewes were tested in the eight month 
l ambing pr ogram. Th ese e wes were a combinatio n of o ne 
quarter Finnish Landrace mix ed with comb inations of Dorset 
and Rambouillet br eeds. The objective o f this program was 
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to determine the conception rates of ewes bred to lamb in 
May and June for fall lambing, January and February for 
summer lambing, and September and October for winter 
lambing. It was reported that the most productive breeding 
period was during Septemb er and October f or winter lambing. 
The least producti ve br eeding int erva l was during May and 
June. The overall fertility rates were approximately fifty 
percent for fall lambing, ninety-one percent for early 
summer lambing and ninety-two percent for winter lambing. 
Resulting in an average lambing rate of 152 percent in the 
fall, 175 percent in the summer and 195 percent in the 
winter. 
The author goes on to state that under excellent 
management, Dorset X Rambouill et crossbred ewes could 
perform in an eight month accelerated lambing program. The 
primary problem facing the researchers, was the lack of a 
specific breed that is well suited to either breeding 
program . Howe ver, the eight month accelerated lambing 
pr ogram did offer better results for use under practical 
conditions. Thi s was evident due to the increased interval 
for which the ewes need to conceive to me et the next lambing 
period (ninety-five days under the eight month program 
compared to an thirty-five day interval with a six month 
lambing schedule). Th e study brought out that a selection 
program, intelligently managed, ove r a period of years could 
develop a flock of ewes which would perform well un der 
accelerated lambing conditions. 
Outhouse (1974) reported that the reproductive 
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potential of Ramboui~let and Columbia-type ewes was 
increased by shifting from a twelve to an eight month 
lambing interval. The results of the author's findings are 
shown in Table 5. The author found that an increase of 
about 0.50 lambs raised per ewe agreed with other reports 
making similiar comparisons. 
Table 5. The advantages of an eight month accelerated 
lambing interval over a twelve month interval using 
Rambouillet and Columbia-type ewes . 
Type of Ewes January Accelerated Increase 
Rambouill et Ewes 
Lambs r aised per ewe exposed 1. 05 1. 58 0.53 
Lamb s raised per ewe lambing 1. 26 1. 83 0.57 
Columbia - type Ewes 
Lambs raised per ewe exposed 1. 06 1 . 41 0.35 
Lambs raised per ewe lambing 1.17 1. 77 0.60 
Source: Outhouse , 1974. 
Outhouse (1968) at Purdue University, directed a four 
year study using purebred Rambouillet ewes on an accelerated 
lambing program. The study was conducted on a natural 
selection basis without the use of exogenous hormone 
therapy. For all ewes exposed to the rams, there was an 
average lambing per year of 2.07 lambs born and 1.75 raised. 
The accelerated lambing program increased the productivity 
of the ewe by 0.46 of a lamb raised, per ewe exposed and 
0.59 per ewe lambing, for the four year period of the study. 
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Outhouse (1972 ) stated that the nutrition a l requirement 
of ewes lambing at different times of the year are 
essentially th e same as ewes lambing once annually. The 
prim ar y differenc e is the frequency in whi c h high er 
nutritional levels are demanded by the ewe for parturiti on 
and lactation. Ta bl e 6 pr esents typical rations which meet 
the nu trit i onal requirements of a seventy kilog r am ewe, 
gaining ten kilograms durin g gestation. 
Outhouse, et al. (1965) stress the importance of 
ma nag ement to assure th e viability o f an accelerated lambing 
program. An indi v idual wh o may be considering such a 
program should be willing to do the f o l lowi ng: 
1) Observe the flo ck more closely and regularly dur ing 
th e ye a r. 
2) Provide ad e qu a te nutrition for early wea ned l am bs. 
3) Provi de bal anced rations f or th e ewes during the 
critical part of the gest ation a nd lactation periods. 
4) Produc e hi gh quality for ag es in the f o rm of 
pasture, hays or silages. 
5) Take measures to in sure th e f e r tility and 
agressiveness of the r am. 
6) Give necessar y attention to the ewe at lambing 
time. 
7 ) Give the sheep enterprise a place o f importance in 
the farm operations (Outhouse, et al., 1965, p. 3) . 
Wh en usin g an accele r ated lambing program, the 
productiv ity per ewe ca n incr ease , as well as reduce, the 
cost of the ram pe r l amb sired. Hence, the ewe will not 
have a nonproduct iv e two to th ree month pe r iod in whi ch to 
become "over " f at, wh ich can r educe th e e wes ' reproductive 
e ffi c i enc y for the next l ambin g pe riod . 
Th e productive life of the average ewe is six years; in 
wh ich she would normally pr oduce six lamb cro ps . By us ing 
an eight month accelerated lamb ing program, the productivity 
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Table 6 . Daily nutrient requ i r ements of ewes at different 
llutrition 
National 
stages of production as prescribed by the Sheep 
Subcommittee of the National Re searc h Council, 













Last 6 weeks o f gestation 
80 kg 4.8 lbs 




First 8 weeks of lactation suckling twins 
70 kg 6.2 lbs 
( 154 lbs) 
2.9 11.5 
Last 8 weeks of lactation suckling twins 
70 kg 5. 5 lbs 
(154 lbs) 
2.9 10.4 
3- 4 lbs of alfalfa 
hay, early bloom, 
or equivalent . 
5-6 lbs of alfalfa 
hay, early bloom, 
or equivalent, 
plus 0.5 - 0.7 lbs 
o f barely grain. 
4-5 lbs of alfalfa 
hay, early bloom, 
or equivalent, 
plus 2-2.5 lbs of 
barley gra in. 
4-4.5 lbs of al-
falfa hay, early 
bloom, or equi -
valent, plus 2-
2.5 lbs of barley 
grain. 
*Feed requirements present on a 100% dry matter basis. All 
rations should contain free choice to trace minera lized rock 
salt. 
of the ewe can be increased to nine lamb crops in six 
years. This would inc r ease the average annual lamb crop 
per centage from 125-150 percent to 187 - 225 percent, which 
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yields an overall fifty per ce nt increase in production, 
according to the authors. The productive period of time in 
whi ch a ram is us ed for breeding would be increased fr om 
one, to three breeding periods annually . This would keep 
him more sexually active and help sustain his future 
fertility. 
The authors go on to state that a successful 
accelerated lambing program depends to a great degree on; 1) 
utilizing ewes that will mate and conceive at other times 
than during the fall months, (e.g., Rambouillet, Merino, 
Dorset, Tunis and usually first cross progeny of these 
breeds), and 2) the ewes must be bred and conceive under a 
specific time frame during the year to continue an on going 
produ ction cycle. An example of an accelerated lambing 
calendar o f activities is presented in Table 7. 
Table 7 . Calendar of events for an accelerated eight month 
lambing program or for two flocks in which there will be a 
lamb c rop every four months. 
Lamb by: Wean lambs by: Breed Between: 
(36 day period ) (145 day gestation) (60 da y minimum ) 
-Flock A-
Aug 1-Sept 6 last year Feb 1 this year Apr this year 
Ap r 1-May 6 this year Oct 1 this year Dec this year 
De c 1-Jan 6 next year June 1 next year Aug next year 
-Fl ock B-
Dec 1 last-June 6 
this year June 1 this year Aug this year 
Aug 1-Sept 6 this year Feb 1 next year Apr next ye ar 
Apr 1-May 6 next year Oct 1 next year Dec next year 
Source: Outhouse, et al ., 1965. 
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Haugen, et al . (1980) discussed the importance of the 
selection of sheep breeds whi ch will maximize the return per 
dollar invested in the accelerated lambing program. The 
selection of a ewe breed that is to be used in an intensive 
progr am should be based on the following: 1) fertility, 2) 
lamb survival, 3) early puberty where ewe lamb replacements 
are being utilized in the breeding program, and 4) good 
wool production. The selection of rams for use should be 
based mainly on rate of gain because of the fairly high 
inheritability of this tra i t. Table 8 illustrates the 
lambing rates of ewe breeds commonly found in the western 
states. 
Table 8. Ewe prolificacy- - Lambing rate. 
Lambing rate per 
Ewe lambing 
Ewe Lambing Three and 
Breed of Ewes at age One Two over 
Suffolk 1.12 1. 21 1. 45 
*Western 1. 06 1. 26 1. 40 
Suffolk/Western 1. 14 1. 30 1. 52 
Finn/Western 1. 73 2. 16 2.27 
Finn/Suffolk 1 . 136 2.11 2.33 
Finn/Dorset 1. 89 2 . 25 2 . 28 
Finn 2.24 3 . 08 ) . IIR 
Source: Haugen, et al., 1980. 
*Rambouillet, Columbia, and Targee 
The superiority of Finn and Finn-cross ewes and peak 
lambing rates of all breeds and crosses after two years of 
age is evident in Table 8 . 
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Early We a ning and Lamb Care 
In any scheduled system of accelerated lambing, the 
lambs must be weaned thirty-five to forty-five da ys of age 
during the anestrus period (Sco tt, 1977). This interval may 
even be shortened to a thirty day weaning period f or a one 
year, two lamb crop program. 
Research has shown that lactating ewes exhibit very low 
conception rates. There fore, early weaning is an essential 
component of success of the higher production programs. 
Littlejohn (1977) defines early weaning as weaning at a 
st age at which lambs can survive on soli d food. Since 
solid food will ferment in the rumen and the end-products 
of fermentation serve as the main source of energy, the 
l amb, physiologically, must function as a rumin ant animal. 
The author points out the importance of havin g a creep 
ration that is readily accessible to nursing lambs. The 
upt a ke of solid food stimulates the development of the 
rumen, whi ch in turn shortens the duration that the lamb 
mu st remain with the ewe (Chipman, et al.,1972 ). The 
consumtion rate of solid food is the best indication of the 
lambs abil ity to be succesfully weaned. Therefore, weaning 
weight, is not an optimal me asure of the ability of the lamb 
to survive on solid food. For example, a single suckled 
lamb that consumes a high level of milk intake may h ave had 
little desire to consume solid food. In which case, the 
development of the rumen may be negatively correlated to 
body weight. However, in practice, it would be difficult to 
monitor the solid food uptake for indi viduals. 
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It is 
therefore, more realistic to use a minimum weaning age, of 
not less than four weeks for lambs that have had free 
choice to a creep feed. Weaned lambs are then placed on a 
starte r and subsequently a finish or f attening ration. 
Lambs that are rais ed arti fici ally, in close 
confinement, are more susceptable to the same health 
problems wh i ch infect lambs raised with the ewes. These 
include enterotoxemia, scours, coccidiosis, bloat, 
pn eumonia, enteritis, whit e mu scle disease, fly- st ri ke , and 
others (Frederiksen, et.al., 1980). Lambs should be 
vaccinated against enterotoxemia ( "overeating disease " ) and 
white muscle dise ase ("stiff lamb " ) (Simmo ns, 1976). Lambs 
sho uld receive inj ectio ns of Clost rid i um Perfringens, Typ e 
C- D Toxoid and Selenium-Tocopherol, at the recommended 
dos ages for t hese two diseases respectively (Siegmund, 
1973). The addition of aureomycin at forty to fifty grams 
per ton is also recommended for the prevention of ovine 




The mate ria l pr esented in this cha pter will cove r a 
detailed description of the proceedure used to acquire the 
dat a employed in this thesis. A brief dis c ussi o n of the 
statistical measures used t o summarize the r es ults o f the 
d ata wi ll be giv en (i.e. mean, range . variance. and 
standard deviation). Th e fin al portion of the cha pter will 
be devoted to desc ribing the st at istical techniques used in 
t he data analysis ( i. e. linear mu lti pl e r eg r ession , and 
linear programming). 
Source of Da t a 
Th e data used in thi s study were collected and compiled 
at the f arm level. It is hoped that acquiring info rmatio n 
from these prim ar y sour ces will acc urate l y reflect f a rm 
flo c k s heep industry in Ut ah, at this writing. 
Accumulati on of Data 
This study included only those farm flock sheep 
producers, during 1979, that ma naged approximatel y , on e 
hundr ed to fi v e hundr ed head of stock sheep . A l ette r of 
intent was sent to all Ut a h co un t y agents, seeking th e 
nam es of producers in their co unt ies whi c h f ell into th e 
above stated par amet ers (see App end ix A for a co py of th is 
letter). This combi ned effort resulted in a st ate wide 
population list of appr oximately 276 producers. Tabl e 9 
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presents the numb e r of producers, by county, that were 
obtained from Ut ahs ' county agents. 
Table 9. Distribution of producers per county that managed 
approximately 10 0-5 00 head of stock sheep during 19 79 in 
the state of Utah. 
County Number of Producers County Number of Producers 
Beaver 2 Piute 1 
Box Elder 21 Rich 7 
Cache 5 Salt Lake 3 
Carbon 2 San Juan 0 
Daggett 7 Sanpete 37 
Davis 0 Sevier 26 
Duchesne 25 Summit 16 
Emery 11 Tooele 0 
Garfield 2 Uintah 15 
Grand 2 Utah 8 
Iron 22 Wasatch 11 
Ju ab 15 Washington 0 
Kane 2 Wayne 20 
Mill ard 10 Weber 1 
Morgan 5 
Approximately ten percent of the producers on the state 
population list , plus ten alternates, were selected to 
particiate in the study. These numbers were based on 
available funding and time relating to the completion of 
this project. This resulted in a sample population of 
thirty-eight producers to be drawn from the state population 
list. A table of random numbers was utilized to aid in this 
selection process. This allowed for equal prob ab ility of 
selecting any one producer. The final sample of thirty-
eight producers is statistic ally referred to as the 
"probability sample". Table 10 illustrates the number of 
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produc ers selected with regard to their respective counties . 
Table 10. Number of producers selected to participate in 



































A letter explaining the study a nd a ques tionnai re , was 
sent t o eac h produce r on th e probability s ample l ist 
(Appendices B and C contain copies of the letters used). 
Ea ch produ cer was contacted, by phone. t o con firm their 
willingness to partic ipate in the study. At this tim e, 
eight producers were eliminated from the study du e to th e 
foll owing reasons: 1) thr ee produce rs did not manage a 
suitable number of stock sheep to comply with the set 
parameters (e.g . two producers managed les s than eig hty he ad 
and one producer ma naged over thirteen hundr ed head), 2) two 
pr od ucers main tained t he ir flocks with r ange herd s year 
roun d , 3) two producers were un ava il able and 4) one producer 
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was serving a mission for The Church of Jesus Christ of 
Latter Da y Saints , during the product ion year of 19 79 . and 
could not be cont ac ted. The rem ai ning thirty produce rs 
consented to assist in this rese ar c h effort. 
The format of the questionnaire was constructed in 
such a man ner as to be filled out during a personal 





receipts and capital 
investment for e ach pr oducers• operation. A time was 
established to meet with each producer at their earliest 
convenience to acquire the need ed information . During these 
interviews four other producers were deleted from the study: 
1) two producers were engaged with managing pur ebre d farm 
flocks with little emphasis on the production of a market 
lamb, 2) one individual had established a partnership during 
1979 with another producer that had been interviewed and 3) 
the last individual to be dropped, preferred to fill the 
questionnaire out pri vately. Upon r eceiving the 
questionnaire by mail, many areas pertinent to the study 
were left blank. A follow up call was placed to the 
producer to try to acquire these deleted portions. This 
effort met with little success. 
of twenty-six operations. 
This yielded a sample size 
Descriptive Measur es 
Mean--The mean of a set of observations is just the 
averag e val ue. It is obtained by dividing the tot al of the 
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values of all observations by the number of observatio ns 
(Lewis, 1978) . For un gro up ed data ha vi ng N observations, 




X2 , X3, ... ,X N 
total number of 




In this paper, N will repres e nt the twenty-six producers 
whi ch pa rticipated in the study. Mean values wer e 
calculated for costs, returns and production performances 
rel at ing to each observation. 
Ra nge--The range is the mos t commonly us e d measure of 
dispersion. It yields informat ion about the spread of the 
data, giving minimum and maxi mum values. The r ange is 
calculated mathematic ally by subtracting th e smallest 
observation from the largest (Lapin, 1978 ) . 
Range = Xmax - Xmin 
Ranges were computed for each mean measures th a t were 
estimated in this study. 
Va rianc e and Stand ar d Deviati o n--The most important 
measure of dispersion is found by a veraging the squares for 
the individual deviations. The me as ure of dispersi on 
obtained in the abov e manner is ref e rred to as the variance 
(Lapin, 19 78) . The equation used to calcul ate the variance 
for sample data is: 
2 2 
S = L(X - X) 
N - 1 
Two pr act i ca l diffi c ulties assoc iated with usin g the 
variance are; 1) th e variance is usually a very l a r ge 
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number compared to the observations, and 2) the variance is 
not expressed in the same units as the observations, but 
units squared. These difficulties may be overcome by using 
the square root of the variance or the standard deviation 




The standard deviations were calculated for each mean 
me as ur e estimated in the study. 
Linear Multiple Regression 
Introduction 
Regression analysis comprises a body of statistical 
methodology that investigates the relationship between 
variable. The primary objective of regression analysis is 
to obtain predictions of one variable, usi ng the known 
value(s) of another (Lapin, 1978). The purpose for using 
regression analysis in this study is to ascertain 
theoretical implications for improving profitability of the 
f arm fl ock enterprise. To illustrate the use of regression 
analysis, a simpl e hypothetical example is presented in 
Figure 2. 
A pen of twenty-five lambs are individually fed 
different proportions of a creep feed rati on. The lambs 
are maintained on the c re ep feed for a two month test 
period. The objective is to ascertain whether improved 
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lamb we ight gains (Y) are depe ndent on the pe r centag e of 
t he d a ily ration consumed as c r ee p f eed (X) . Fi gure 2 
suggests that creep feeding has a positive effect on l amb 



















0 15% 30% 45% 60% 
Creep f eed (% of daily r ation) 
Figure 2 . 
feedin g . 
Relationship of lamb weight gains to cr ee p 
In the prece edi ng example, weight gains ( Y), are 
assumed to be depende nt o n the perce ntage of the lamb's 
daily ration consumed as creep feed (X). Thus, Y is the 
dep ende nt variable a nd X is the independent vari a ble . 
Regr essio n analysis pr ovides a way of statis ti cally 
est im ati ng the relationship th at exists be t we en the 
d e pe nd e nt and independent variables. This is accomplis hed 
b y spec ifying a mathmatical relationship, in the r eg ress ion . 
33 
th a t rel a tes Y to X, (e .g., Y = A + BX; where B equals the 
slope of the lin e (i.e ., the derivative ) , and A is the Y 
intercept). This process is referred to as the regression 
of Y on X. It is useful for predicting the dependent 
variable Y, gi ven an amou nt of independent variable, X 
(Wonnacott & Wonn acott, 1970 ) . 
The underly ing e ffe ct is one of fi tti ng a line 
computed by the regression equation to pair ed data points 
on a diagram. Th e reader should note that al l paired data 
points in Fig ur e 2 f a ll near the line drawn t hro ugh the 
po ints . A probl em exists wh en trying to minimize the 
amo unt o f error r elati ng to the vertica l distnnce from each 
observed poi nt wh e n th e pair ed data points are mor e 
rand omly distribut ed throughout . This type of e rror i s 
defined as the vertical distance from the observed Y t o the 
A A 
fi tted line--(Yi - Y1 ; Yi is the fitt ed va lu e o f Y), and is 
illustrated in Figur e 3 (Wonnacott & Wonn acott, 1970) . 
y 
0 X 
Fi gure 3. Vert ical distance error in fi tting point A to 
a line. The verti cal distance to the fitt ed line o f point 
C and D equal. 
The objective in obtaining the desired fit of the line, 
is one of minimizing the sum of all errors. However, a 
problem is encountered when the vertical error of C is 
cancelled by the vertical error of D; (where C is a 
posi tive er ror and D is a neg ative error in relationship to 
the line). 
Nevertheless, this problem can be overcome by 
minimizing the sum of the squares of the errors-- ~(yi 
" 2 
Y 1) This pr ocess is commonly referred to as "least 
square", and is used in regression analysis (Lewis, 1978.) 
Least squares masters the sign problem of points C and 
D, which enables the mathematical selection of values for A 
" 2 and B such that (yi- y 1) is minimized . By squaring, 
larger errors are emphasized and avoided if at all possible 
(Wonnacott & Wonnacott, 1970). Many computer programs have 
been developed to facilitate researchers in carrying out 
this regression process. 
Before continuing the reader shou ld note that the 
discussion of regression analysis pr esented here, pertains 
to "Simple Linear Regression" - (one dependent variable vs 
one independent variable). Th e example was used to simplify 
the presentation o f regression analysis. 
The regression work carried out in this study, sought 
the relationship between one dependent variable and several 
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Regression analysis in this form is called " Multiple Linear 
Regression". The principles of regression analysis 
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discussed thus far, hold for both regression models. For a 
more indepth discussion of linear mul t iple regression, the 
reader can review the text, "Elements of Econometrics", by 
Jan Kementa. 
Mode ls & Procedures 
As mentioned before, there are many computer programs 
available which fa cilitate the use of regression analysis . 
The computer program , Econometri c Softward Package (ESP), 
was used in this study. The selection of independent 
variables was predi cated on variables believ ed to have an 
effect on determining profits of the farm flo ck enterprise. 
Three models were constr ucted and tested in an attempt to 
disclose a relationship that may exist betwe en the variables. 
Assumptions of Regression An alysis 
Linear regression analysis establ i shes four theoretical 
assumptions about the populat ions of Y (Lapin, 1978) . 
1) All populations have the same standard deviation, 
denoted by oY. x, no matter what the value of xis. 
2) Th e mea ns, denoted by)).y. x, all lie on the same 
straight line. The equation 
A)_ y . x = A + BX 
is the expression of the tr ue regression line. 
3) Successive sample observations a re independent. 
4) The value of x is known in advance. 
Of the three models tested emphasis was placed on 
10 
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choosing dependent variables that were associated with the 
production of lamb and farm flock sheep management. It is 
believed that these t wo areas are the basic factors which 
determine the financial success o f the sheep enterprise. 
Multiple regression was us ed to identify the significance 
of the determinants of profitability. 
Line ar Programming 
Introduction 
Line ar Programmin g (LP) is a planning and deci si on 
making tool that has been used extensively since World War 
II (Beneke & Winterboer. 1970). The achievements that have 
been accomplished in the areas of electronic computers and 
pr ogramming routines , over the past two decades, have 
established LP as a very useful tool for analyzing optimal 
arrangements of the farm business. The application of LP as 
an aid in formulation of budgets has proven to be of value. 
"Li near programming and budgeting are basi cally the same 
pro cedure and under given circumstances would yield 
identical solutions" (Nielsen, 196 5) . 
A basic understanding of the highly interrelated 
components of the LP model is essential before conti nuing. 
These components are: 1) Activities 2) Constraints 3)Co -
efficients and 4)0bjective function. 
1) Activity An " activ ity" or "process" is simply a 
definite way an enterprise has of producing a given output. 
The output produced may be comprised of one or mor e 
activities. For example, over any time period, 
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if the 
production of one unit of product A requires one unit of 
capital and two units of labor, the r atio of one to one to 
two would define the production process or activity for 
producing one unit of product A. 
2) Constraint - Also referred to as restraints or re-
strictions. In a very broad sense, constraints can be 
viewed as the amounts of land, labor and capital available 
to the farming enterprise for the production of its 
product(s). In essence, no enterprise has at its disposal 
the us e of resources in unlimited quantities . The problem 
that faces the enterprise is that of combining these scarce 
resour ces in such a manner as to optimize its production 
process . Constraints are usu al ly broken down into three 
categories, 1) minimum (greater than or equal to), 2) 
ma xim um (less th an or equal to), and 3) equality. 
3) Coefficients -Coefficients are stated in terms of the 
amount of cost or inputs required per unit of activity. 
For examp le , if the activity unit for lamb production is 
defined as so many pounds of lamb produced, then the 
coefficient associated with this activity would be the cost 
of all inputs (e.g., grain, pasture, labor, capital. et c.) 
utilized in the pr od uction of the specified number of 
pound s of lamb produced. 
4) Objective Function - The objective function is com-
prised of a group of successive equations, or constra ints. 
These constraints are the limiting for ce to the LP 
operation. In essence, the constraints form the margins by 
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which the objective fun ct ion can be optimized. (Beneke 
& Winterboer , 197 3) 
Basically, LP is invol ved with solving optimization 
problems in a specific form (those in which the relation-
ship among the variables are linear in the co nstraints and 
in the objective function being optimized) (Hadley, 1962 ). 
This optimization process may take one of two forms; 1) 
minimize cost, or 2) maximize profit. In this study the 
objective function profit or net return per head, was 
maximized. This approach enabled the projected net returns 
to the operators capital, labor , and management to be 
disclosed. 
Th e mathematical model us ed was: 
Maximize z = c X + c X + •• ·+ c X 
1 1 2 2 n n 
Subject to the constraints 
b ~A X + A X + .. . + A X 
1 11 1 12 2 1n n 
b ~A X + A X + ... + A X 
2 21 1 22 2 2n n 
b ~A X + A X + .. -+ A X 
m m1 1 m2 2 mn n 
X 2: 0 
Where 
Z = Return to operators capital, labor and management 
c1 Coefficient - cost associated with activity 
Xi Activity 
~ Constraint - availability of given resour ce 
\ j = Amount of resource dem a nded by activity X 
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There are several assumptions that are inherant in 
using linear programming. These assumptions are: 
additivity , linearity, divisibility, finiteness, and single 
value expectation (Heady & Candler, 1958). 
Additivity -
The assumption of additivity states that when two or 
more activities are used, their total product must be the 
sum of their individua l products. Stated alternatively: 
the total amount of resources used by several enterprises 
must be equal to the sum of the resources used by ea ch 
individual enterprise . Hence, LP consists of a fixed co-
efficient production functions and does not permit substi-
tutibility with regards to inputs. 
Linearity 
The com bination of input factors are used, within the 
LP model, in fixed proportions at all levels of output and 
that the quantity of input used to produce a unit of 
specific output is the same reg ardless of output. However, 
an LP model, that has been developed correctly, can depict 
diseconomies and economies of scale by approximately a non-
linear function. This is illustrated graphically in Fi gure 
4. 
Di visibility 
It is assumed that factors can be used and commodities 
can be produced in quantities whi ch a re fract ional units. A 
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Output Output 
0 A input 0 B i nput 
Figure 4. Linearized approximation to a continuous 
productio n function. 
Source: (Nielsen, 1965) 
program may be generated using activities in the form of 
137.6 acres of crop land, 102.8 dollars of capital, 5/).7 
AUM' s of summer pasture for the optimal product ion and 
returns from 100.9 ewes. By rounding activities to the 
nearest who le number, the decision making process is not 
seriously altered. 
Finiteness 
It is assumed that there is a limit to the number of 
alternative activities and to the resour ce restrictions 
which need be considered. In essence it is a practical 
assumption . A farmer may hav e several activities to select 
from, but seldom if ever have so many that the programming 
and the computati onal tasks of determining the most prof it -
~1 
able program becomes a laborious and endless endeavor. Thus, 
this assumption is not a c riti cal limitation when using LP . 
Single Value Expectation 
In general, the linear prog r amming methods used wide ly 
to dat e employ the standard line ar programming assumption 
that resource suppli es, input-output coefficients, and 
prices are known wi th certainty. This assumption is also 
utilized in other research t ech niques (e.g . , budgeting ) . 
Models and Procedures 
Four models were developed, and subsequently analyzed 
using LP to uncover any optimal existing solutions. These 
models were entitled: 1) ASIS--which was predi cated on the 
data acquired from th e t wenty-six producers that parti cipated 
in this study, 2) THCR- - a hypothetical accelerated lambing 
operation which produces three lamb crops in two years, 3) 
TWCR-- a hypothetical intensive accelerated lambing program, 
whi ch produces two lamb crops ann ually, and 4) COMBO- -
specified the fin al LP model that was used to ascertain an 
optimal solution and combination of ASIS, THCR, and TWCR. 
The model, ASIS, was developed with the basic objective 
of repr esenting the traditional method of farm flock sheep 
production that is common in Utah. This method implies 
r aisi ng one lamb crop per year. The flock would be 
maintained on harvested forage during the winter months and 
provided access to pastures throughout the growing season. 
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No attempt woul d be made to alter the natural physiologi c a l 
process of the ewes' reproductive abi lity. Lambs would be 
left with the ewes and a llowed to nurse throug h a complete, 
and uni nterr upt ed l actat ion peri od . The lamb s, would then 
be fattened and finished on spring, summer and early fall 
pa s tur es . Marketing of the lambs would commenc e wh e n they 
had acqui red a liveweigh t of one hundred to 110 po unds. 
Th e most common breed of sheep utilized under this 
management scheme would be a combination of a black faced 
ram crossed on a white face ewe. This type of breeding 
prog r am commonly produces a lamb whi c h exhibits t he 
characteristic of hybred-vigor (displaying relatively rapid 
growth and weight gains) . Thus, attaining a maximum 
productivity in the market lambs' growth performance. Rams 
most c ustomarily us ed , are pr edominantly Suffolk, and to a 
lessor degree Hampshir e . Ewe br eed s most commonly used 
in clude Columbia, Ram bouillet , 
as various combin at ions of 
Ta r ge e, and Dorset, as well 
these breeds. Tabl e 11 
illus tr ate s a typi cal ca l e nd a r o f major events wh ic h would 
be representative of this type of management program. 
Tab le 12 presents an annual ration formu l ated for a 
seventy kilogram ewe through all phases of he r productiv e 
cycle as recomm e nded by the Sheep Nutrition Subcommittee of 
th e National Resear c h Council, Nat ional Academy of Science. 
The f o rmulation of these r a tions, thr o ugh stages of 
product i o n that in c lude maint ena nce , gestation, parturiti o n , 
and lactation can be found in Appendix E. 
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Tabl e 11 . Calend a r o f main event s th a t d e pic t a typi ca l 
farm fl ock sheep op e rat io n in Ut ah, 197 9. 
Event 
She a ring 
Lambing 
Weaning of lambs 
La mb marketing 







The model THCR was constructed so as to depict a farm 
flock sheep operation that realizes three lamb crops in two 
years. This program requires the ewe to be fertile at three 
different periods during th e year, at eight month inte rv a ls. 
The ewe would be bred in December for spring lambing, in 
Au gust for winter lambing, and again during the following 
April for a summer l amb crop. Since pastures would not be 
available during all three phases of production, the ewes, 
need to receive a high quality harvested forage, 
supplemented periodically with an energy feed. When 
pastures are available, the ewes will be allowed fre e 
ac c ess. This reduce s the amount of labor, and operation 
costs associated with harvest i ng, storing, and feeding of 
farm produced and purchased feeds. The ewes· reprodu c tive 
sequen ce can be altered by sever a l of the methods me ntion ed 
in Chapt e r II. The only exception would be ho rm one therapy 
and an y other technique whi c h does not lend itself to a less 
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Table 12. An annual rati o n formulated for a 70 kilogr am 
(154 lbs) ewe through the produ c tion phases of gestation , 
parturi t ion, lactation and maintenan c e. 
Month Feed Source Quantity / month / ewe 
January Alfalfa hay 108.5 lbs. 
February Alfalfa hay 140.0 lbs. 
Barley grain 16 0 8 lbs. 
March Alfalfa hay 
Barley grain 
139 0 5 lbs . 
70 . 4 lbs. 
April Alfalfa hay 135.0 lbs. 
Barley grain 72.0 lbs. 
May Alfalfa hay 70.0 lbs. 
Barley grain 37.0 lbs. 
Pasture . 1 AUMs 
June Pasture .2 AUMs 
July Pasture 0 2 AUMs 
August Pasture 
0 2 AUMs 
*September Pasture .11 AUMs 
**October Pasture .1 AUMs 
Alfalfa hay 62.0 lbs. 
Nov ember Alfalfa hay 105 . 0 lbs. 
December Alfalfa hay 108 .5 lbs. 
Source: National Research Council, 1975. 
*Th e ewes• rati on is reduced below that required for 
maintenance to facilitate flushing prior to breeding. 
Flushing is a process of placing the ewe on a high quality 
energy diet prior to breeding and has been associated with 
stimul a ting multiple ovulation. 
**The ewe is flushed on high quality feed during this 
period. 
intensive program. Lambs would be left with the ewes until 
forty-five days of age and then weaned. During this 
interval, the lambs should have easy access to a creep 
ration. After we aning, the lambs would be placed on a 
starter ration, consisting of the creep ration which they 
would have become accustomed to. The lambs would be 
maintained on this ration for an additional thirty-eight 
days and then changed to a fattening, and then a finishing 
ration . Table 13 presents a scheduled sequen ce of feeding 
for the three lamb crops produced under this management 
scheme. The formulation of each ration and ration number 




Calend ar of lamb ration feedings for an 
lambing program for three lamb crops in two 
Lamb Crop Ration II Interval Date Days of Ration 
"Spring" 2 June 7th to July 14th 38 days 
3 July 15th to July 31st 17 days 
4 Aug 1st to Aug 23rd 23 days 
5 Aug 24th to Sept 12th 20 days 
6 Sept 13th to Oct 2nd 20 days 
"Winter" 2 Feb 5th to Mar 14th 38 days 
3 Mar 15th to Mar 31st 1"1 days 
4 Apr 1st to Apr 23rd 23 da ys 
5 Apr 24th to May 13th 20 days 
6 May 14th to June 2nd 20 days 
"Summer" 2 Oct 6th to Nov 12th 38 days 
3 Nov 13th to Nov 29th 17 days 
4 Nov 30th to Dec 22nd 23 days 
5 Dec 23rd to Jan 11th 20 days 
6 Jan 12th to Jan 3 1st 20 days 
Source: National Research Council, 1975 . 
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It should be noted that these suggested lamb feeding 
schedules could be shortened with lambs capable of making 
faster weight gains than those indicated in Append ix F. 
Lam bs will finish at a maximum rate of gain if they are self 
fed. In addition, the re ader may find th at the quantity of 
feed f ed to the ewe, that is recommended by the balanced 
ration of Appendix E, somewhat exceeds qu antities f ed in 
actual practice. A general rule of thumb is, to feed the 
ewe according 
having twins 
to the number of suckling lambs, 
and triplets receiving a higher 
with ewes 
nutritional 
plane. However , the specified quantities an d kinds of feed 
suggested in the balanced rations of Appendix E and F, have 
been followed throughout the applied LP analysis used in 
this thesis. This procedure was followed in an effort to 
add consistency and continuity to the results of the 
analysis. 
Th e ewe breeds used in an accelerated program must be of 
breeds that are less r estri cted in their breeding habits. 
Of these, Rambouillet, Dorset, Merino and crosses of these 
breeds have been found to conform to accelerated programs. 
Nevertheless, the relatively new breeds which have been 
developed are offering greater potential under an 
accelerated progr am. These would include the Polypay, 
Morlam, a nd other breeds f ounded on the intention of 
incr easing the ewes' prolificacy. 
Table 14 pr esents a calendar of event s which would 
characterize an accelerated lambing program of three lamb 
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crops in two years. Under this schedule, the ewe wo uld have 
a minimum of fifty-five days to recover physiologically from 
pregnancy and early l actation, from the time her lamb is 
weaned, until she is rebred to continue the production 
cycle. 
Table 14 . Calendar of main events that is characteristic 
of a three lamb crops in two years accelerated lambing 
program. 
Event Lamb Crop Date Year 
Shearing March 
Lambing first Apr 24th 1st 
second Dec 23rd 1st 
third Aug 23rd 2nd 
Weaning of La mbs first June 7th 1st 
second Feb 5th 2nd 
third Oct 6th 2nd 
Lamb Marketing first following Oct 2nd 1st 
second following June 2nd 2nd 
third following Jan 31st 1st 
Breeding of Ewes first Aug 1st 1st 
second Apr 1st 2nd 
third Dec 1st 2nd 
Table 15 illustrates the quantities and kinds of feed 
consumed by a ewe and her lambs for a two year period, under 
a three lamb crops in two years accelerated program. A 
marketed lamb percentage of 1.8 percent is assumed for these 
calculation. 
The quantity of feeds fed to the ewe should gradually 
be redu ced below th at required for maintenance, during the 
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Tabl e 15 . A two year ration calculated for a 70 kilogram 
ewe and her lambs under a three lamb crops in two years 
accelerated lambing progr am using a market l amb pe rcent age 
















Barl ey grain 
Alfalfa hay 
Alfalfa hay 
Ba rley grain 





Past ur e 
Alfa lfa ha y 
Ba rley grain 
Dri ed skim milk 
Pasture 
Alfalfa hay 
Ba rley grain 
Dri ed skim milk 
Pasture 
Alfal f a hay 
Barl e y grain 
Pas ture 
Alfalfa hay 
Bar l e y grain 
Pastu re 
Alfalfa hay 
Ba rl ey grain 
Alfalfa hay 
Ba r ley grain 
Alfa lfa hay 
Barley grain 
Quantity co ns umed/ 
Month/ewe + lambs 
225.0 lbs 
109 .6 lbs 
98 . 0 l bs 
15 5 . 0 lbs 
18 . 6 lbs 
135 . 0 lbs 
12 .0 lbs 
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.2 AUM s 
114.6 lbs 
86 . 6 l b s 
.2 AUMs 
11 2.4 lbs 
105.8 lb s 
.1 AUMs 
62 . 0 lbs 
7. 2 1 bs 
150.0 lbs 
18.0 lbs 
139 . 5 lbs 
74.4 lbs 
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"Table 15. Continued" 
Quantity consumed/ 
Year Month Feed Month/ewe + lambs 
Second Jan Alfalfa hay 139-5 lbs 
Barley grain 74 . 4 lbs 
Feb Alfalfa hay 102.2 lbs 
Bar 1 ey grain 59.6 lbs 
Dried skim milk . 4 lbs 
Mar Alfalfa hay 197.5 lbs 
Barley gra1n 94.2 lbs 
Dried skim milk . 3 lbs 
Apr Alfalfa hay 216.0 lbs 
Barley grain 83.0 lbs 
May Pasture . 11 AUMs 
Alfalfa hay 170. ~ lbs 
Barley grain 109.3 lbs 
Jun e Pasture . 2 AUM s 
Alfalfa hay 7 . 7 lbs 
Barley grain 7.2 lbs 
July Pasture . 2 AUMs 
Barley grain 18 .6 lbs 
Aug Pasture . 2 AUMs 
Barley grai n 74.4 l bs 
Sep Pasture . 2 AUMs 
Barley grain 72 . 0 lbs 
Oct Pasture .06 AUMs 
Alfalfa hay 81.0 lbs 
Barl ey grain 64.6 lbs 
Dried skim milk . 5 lbs 
Nov Alfalfa hay 193. 3 lbs 
Barley grain 91.8 lbs 
Dried skim milk .2 lbs 
Dec Alfalfa hay 223.0 lbs 
Barley grain 87 . 4 lbs 
Source: Nati onal Resear c h Counc i 1 , 1975 . 
months of June. in the first year and February and October 
of the second year to fa c ilitate flushing. 
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The ewe should 
then be fed a higher energy ration, above that required for 
maintenance, during the followin g months respectively. 
TWCR was dev e l oped to represent an intensive 
accelerating lambin g program which produces two lamb crops 
annually . This program is the most demanding, with regard 
to the ewes ' production performance and level of management 
skill required, as compared to ASIS and THCR. TWCR required 
the ewe to be fertile at two different periods duri ng the 
same year. The ewe would be bred in March for summer 
lambing, and again in September for winter lambing. The ewe 
would receive all of her nutritional requirement fr om 
harvested forage, since no grazing on pastur es is available 
under this program. All of the innovative tec hniques used 
to increase the ewes' reproductive capacity, mentioned in 
Chapter II, with the exception of hormone therapy, could be 
empl oyed un de r this scheme. Lambs would be allowed to nu rse 
until thirty days of age. At this time they would be weaned 
and started solely on solid feed. Under this management 
system, the lambs should have ac c ess to a creep ration prior 
to being weaned. Table 16 pr esents a scheduled sequence for 
feeding lambs under a two lamb crops in one year management 
program. The reader should note that an additional ration, 
higher in natural animal prot e in , is included. Inclusion of 
a source of animal protein in the ration, has been found to 
impr ove the lambs' initial weight gain performance (McNe al, 
198 1) . 
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Table 16. Calendar of l amb ration feedings for an 
accelerated lambing program of two lamb crops in o ne year. 
Lamb Crop *Ration II Interval Date Days on Ration 
"Winter" 1 Feb 23rd to Apr 3rd 40 days 
2 Apr 4th to May 11th 38 days 
3 May 12th to May 28th 17 days 
4 May 29th to June 20th 23 days 
5 June 21st to July 10th 20 days 
6 July 11th to July 30th 20 days 
"Summer" 1 Aug 23rd to Oct 1st 40 days 
2 Oct 2nd to Nov 8th 38 days 
3 Nov 9th to Nov 25th 17 days 
4 Nov 26th to Dec 18th 23 days 
5 Dec 19th to Jan 7th 20 days 
6 Jan 8th to Jan 27th 20 days 
Source: National Research Council, 1975. 
*see Appendix F 
A calendar of major events that typify a management 
scheme of two lamb crops in one year is presented in Table 
17. Under this system, the ewe would have a minimum of 
thirty days to recover physiologically f rom pregnancy, from 
the time her lamb is born until she is rebred to continue 
with this shortened production cycle. This means that the 
ewe would, t o some extent, still be l actating when she is 
rebred and expected to conceive. Outstanding management 
skills, coupled with breed and/or breed crosses that are 
more adapted to this level of production, are essential to 
maintaining a six month lambing interval. The Finnish 
Landrace, crossed on many of the breeds referred to in the 
THCR accelerated lambing program, have shown to be adaptable 
under this management program. The following are research 
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results of various conception rates of different breeds for 
replacement ewe lambs to be used in a confinement system: 
1) Suffolk, Hampshire--sixty percent 2) Rambouillet , 
Columbia and Targee--forty percent . and 3) Finn or Finn-
crosses- - ninety- five percent (Haugen, et al., 1980) . 
Table 17. Calendar of main events that is characteristic 




Weaning of Lambs 
Lamb Marketing 
















following July 30th 
followin g Jan 27th 
Mar 1st 
Sept 1st 
Table 18 illustrates the annual quantity a nd kinds of 
feed fed to a ewe and her lambs under a two lamb crops in 
one year program. A marketed lamb percentage of 1 . 9 percent 
is assumed for these calculations. 
Under this management program, adjusting the quantity 
of feed fed, to flush the ewe prior to breeding, will need 
to be altered . The ewe would only have a number of days 
after her lambs have been wean ed before she is rebred. The 
mos t optimal manag ement pr actice employed, may be to 
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Table 18. An annual ration calc ul a ted for a 70 kilogram ewe 
and her lambs under a two lamb crops in one ye a r 
accelerated lambing program, using a mar keted lamb 
percentage of 1.9 percent. 
Quantity consumed/ 
Month Feed Month /ewe & lamb 
Jan Alfalfa hay 247.0 lbs 
Barley grain 176.0 lbs 
Feb Alfalfa hay 56.0 lbs 
Barley gra1n 12 . 3 lbs 
Dehydrated alfalfa meal 2.5 lbs 
Dried skim milk 1 0 6 lbs 
Mar Alfalfa hay 124.0 lbs 
Barley grain 63.6 lbs 
Dehydrated alfalfa meal 13.0 lbs 
Dried skim milk 8.2 lbs 
Apr Alfalfa hay 160 . 0 lbs 
Barley grain 77.0 lbs 
Dehydrated alfalfa meal 1 0 2 lbs 
Dried skim milk 1. 3 lbs 
May Alfalfa hay 191 0 8 lbs 
Barley grain 99.7 lbs 
Dried skim milk 
0 2 lbs 
June Alfalfa hay 267.0 lbs 
Barley grain 108.4 lbs 
July Alfalfa hay 258.6 lbs 
Barley grain 186.6 lbs 
Aug Alfalfa hay 62 . 0 lbs 
Barley grain 18 . 5 lbs 
Dehydrated alfalfa meal 3 .8 lbs 
Dried skim milk 2.4 lbs 
Sept Alfalfa hay 120.0 lbs 
Barley grain 61 0 6 lbs 
Dehydrated alfalfa meal 12 0 5 lbs 
Dried skim milk 8.0 lbs 
Oct Alfalfa hay 169.5 lbs 
Barley grain 80.8 lbs 
Dehydrated alfalfa meal 0 4 lbs 
Dried skim milk 
0 9 lbs 







Dried skim milk 
Alfalfa hay 
Barley grain 
Source: National Research Council, 1975. 
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Quantity consumed/ 
Month/ewe & lamb 
190.1 lbs 
97.3 lbs 
. 2 lbs 
275 .4 lbs 
114 0 4 lbs 
maintain the ewe on a higher nutritional plane throughout 
this phase of production. However, a period of nutrient 
reduction and subsequent in crease was used in f orm ul ating 
the rations used in the study. 
The daily f eed requirements and periods of breeding, 
gestation, lambing and weaning are provided in Appendix G, 
H, and I, for the three management systems discussed in this 
section, respectively. These figures were us ed to calculate 
the quantity of feeds fed, as well as the major events 
observed with respect to each production process. 
The final mod el of primary interest in this study was 
entitled COMBO. As mentioned at the beginning of this 
section, this model was developed in an effort to evaluate 
ASIS, THCR, AND TWCR in a combined program. When using LP 
to determine an optimal profit maximizing solution of this 
model. the program is at liberty to select a single " best• 
model from the existing three models, or specify various 
combinations of each. In this way, the most profitable 
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segment of each model may be observed. 
Production Assumptions 
The following assumptions are in addition to those 
presented earlier in ·this chapter, and 






1) All biological and physiological functi ons of the ewe are 
assumed to start at the beginning of each phase of 
production, (e.g., a ewe, bred on March 1st, was assumed to 
conceive on March 1st and lamb 145 to 147 days later). 
2) The calculations of the ewes' feed r eq uirements 
throughout all ph ases of product ion, broke shnrply on 
monthly intervals. When in act ual practi ce, one would 
observe gradual increases and decreases in nutrient 
requirements as dictated by each production phase . 
3) During periods of nutrient reduction , to facilitate 
flushing of the ewe, a value of forty-three percent was used 
as a reduction factor (e.g. , a ewe on a 3.5 pound alfalfa 
hay maintenance diet, would be reduced by (3.5 lbs X .4 3) 
1.5 lbs of alfalfa ha0. 
4) Under the model THCR, pasture was not assumed to meet the 
digestible energy requirement of the ewe. Therefore, during 
stages of production where balanced rations included barley 
grain in the diet , grain was included with the pasture. 
5) Available pasture was assumed to meet all nutrient 
r equirements for the ewe in the ASIS model. 
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6) When net incomes were calc ulated for each mod el , a value 
for cull ewes was not included in the objective functions . 
7) In the ASIS model, there was no charge allocated for the 
feed consumed by lambs on pas ture. 
8) All feeds were pri ced at 1979 market values. 
9) Market lamb percent ages were used in calculating costs 
and returns for each model. These values were 1.26 percent 
for ASIS, 
10) The 
$ 2 , 453 . 
1.80 per cent for THCR, a nd 1.90 per cent for TWCR. 
mean land value per ewe in this study averaged 
This value is not denied, but was deleted from the 
calculation of required capital per ewe for ea c h model. 
This was done in an effort to ac quire tolerable values for 
optimal solutions. 
11) Explicit value regarding capital investment pe r ewe , 
cost of operation, maintenance, etc., for both accelerated 
lambing programs is not available at this time. Therefore, 
the comparison of profitability between the three different 
methods of sheep production is carried out in a relative and 
not an absolute sense. The magnitude of the profitability, 
be tween ASIS, THCR, and TWCR, is of a secondary concern 
using this type of analysis. Therefore, the r esults of this 




ANALYSIS AND PRESENTATION OF DATA 
The analysis and results of data presented in this 
chapter include: 1) information acquired from personal 
surveys, 2) multiple linear regression of variables believed 
to affect profitability of the farm flock sheep enterprise, 
and 3) linear programming models which represent the 
relative potential for increasing the profitability of small 
scale sheep operations . The body of this analysis will be 
presented in the order given above. 
Characteristics of the Farm Flock Producer 
Producers' age and 
sheep product1on 1nterest 
The average age of the producers interviewed in the 
state was fifty years old. Their ages ranged from twenty-
seven to seventy-nine years, with a standard deviation of 
13.7 years. 
Fifty - eight percent of the producers had acquired an 
interest in farm flock sheep production while being raised 
on a family fa r m. Of the eleven producers remaining, ten, 
believed the production of lamb and wool to be the most 
profitable manner to: 1) utilize available and existing 
property, and 2) supplement off-farm income. One producer 
had turned from cattle to sheep as a means of using property 
which had become infested with larkspur, a poisonous plant. 
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Tenure 
Ten of the twenty-six produc e rs involved in the study 
had accumulated over 30 years of experience in farm flock 
sheep production. Twelve producers, had been involved in 
sheep production from ten to twenty years. Many producers 
responded to the question of tenure (years in the farm flock 
sheep production) by stating they had been involved in the 
business all of their lives . For these individuals, ten 
years was subtracted from their age to make the above 
mentioned calculations. 
Proportion of Sheep Production vs 
Total Farming Enterprise 
Only one individual, who was retired, was involved in 
sheep production as a full time occupation. Nine producers 
had diversified livestock operations which included beef and 
dairy cattle, turkeys, pigs and mink . Five producers had 
diversified farming operations and were producing cash crops 
consisting of small grains and a variety of row and forage 
crops. The main source of income for the eleven remaining 
producers was off - farm employment (e.g. teaching, welding, 
mining, carpentry, etc.). Table 19 illustrates the 
percentage that sheep production represents in each 
producer's total agricultural enterprise. 
Tabl e 19. The percentage of each producers' 
agric ultur a l enterprise, that is represented by 




Percentages representative of sheep production 





Level of Progressive Management 
3 8 
producers producers 
Producers were asked in the questionnaire to indicate 
how many of the ten management innovations they had 
incorporated into their operation. These innovation 
included: 
1) Three lamb crops in two years 
2) Two lamb crops in one year 
3) Breeding of ewe l ambs 
4) Pregnancy testing 
5) Syncronized breeding and l ambing 
6) Artificial rearing of lambs 
7) Using a Finnsheep cross to promote multiple births 
8) Special handling devices (e . g . , sheep sque e ze, etc.) 
9) Flushing ewes prior to breeding 
10) Semen evaluation 
These questions were intended to ascertain some lev el 
of progressve management among the producers in the st ate . 
Table 20 indicates the level of use for each of the 
aforementioned techniques. 
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Table 20. Number of pr od uce r s implementing ma nagement 
inno vat ions on their farm f lock operations on 26 Ut a h f arms, 
1979. 
Uti l ization 
Innovation (by number of producers ) 
3 lamb c r o ps in 2 years 
2 lamb cro ps in year 
breeding of ewe lambs 
pregna nc y testing 
syncronized breedi ng & l ambin g 
art ificial rearing of l ambs 
Finnsh eep cross 
special handling devi ces 
flushing of ewes 
semen eva luat ion 










Of those prod ucers in te r vie wed, sixty-two per ce nt 
beli e ved that the biggest obstacles they faced wh e n 
marketing their lambs wer e the lack of lamb processing and 
handling fa c ilities . Tw enty-seven pe rcent of th e producers 
beli eved that there were no market problems . The r emainin g 
eleven pe r ce nt respo nd ed with a variety of comm ent s (e.g., 
1 ) pen alize d for large lambs, 2) pri ce of l ambs too low, 3) 
for ced to sell early due to pr ed ator probl ems, et c.) . 
Competitive Advantage of Farm Fl oc k vs 
Range She e p Operat1ons 
61 
Th ere was a wide diversification among the producers 
reg arding the question of competetive adv a ntage of farm 
flo ck versus range sheep production. Thirty-five percent of 
the producers believed that there were no advantages while 
twenty-three percent believed that higher l ambing 
were attainable under farm flock sheep percentages 
production. Another twelve percent believed that predator 
losses are r educed under farm flo ck sheep operations. Other 
repli es were; market advantage, less expensive, more 
operator control, etc. 
Futur e Management Trends 
Only fifteen percent of the producers were cons idering 
in creasing their stock sheep numbers. Twenty-thr ee percent 
were going to reduce their flo ck sizes below that which they 
were then managing. Th e remaining sixty-two per cent planned 
to maintain present numbers. 
To ascertain futur e management trends within the state, 
operators were asked to comment on their management plans 
for th e coming years. Fifty- two percent of the producers 
were satisfied with their present operations and no 
man agement changes were being pl an ned. An assortment of 
management changes being considered by the rem aining 
operators were; cull closer, change breeds, improved 
lamb ing methods, total confinement system, better wormin g 
progr am, pasture improvement, production of more feed. 
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Operators Opinion of the Sheep Industry 
When asked to comment on their opinion of the sh e ep 
industry, nineteen operators stated simply that it is a good 
industry to be involved in. At this time, the remaining 
operators commented on problems which they believed to be 
detrimental to the sheep industry in Utah as well as in the 
Western United States . At the top of the list, with 
approximately fifty percent of all producers interviewed, 
was the reiteration of the predator problem. These 
producers believed that predation is one of the major causes 
of the decline in sheep numbers in the United States. They 






control predation, future increases 
Utah as well as in the United 
in sheep 
States are 
Characteristics of the Farm Flock Sheep Operation 
Operational characteristics that depict farm flock 
sheep production in Utah for 1979 are listed in Table 21. 
Per cent Lamb Crop 
The average lamb marketing percentage for all farm 
flock sheep enterprises in this study was 126 percent. This 
value was calculated by summing the number of lambs marketed 
plus any ewe lambs raised and retained for replacement 
purposes, then divided by the number of stock ewes for each 
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Table 21. Characteristi cs of farm flock she e p pr oduction on 
26 Utah farms, 1979. 
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"Table 21 . Continued" 
Characteristic 
Selected cash 
cost of production 




Total cost per 
mature breeaing 
ewe 







Net revenue $1,800 
Net rev en ue 
per mature 
br eeding ewe $10 
Revenue from 
c ulls $142 









ewe 1. 9 
La nd value 
pe r acre (sheep 
production only) $1 , 316 
La nd value 
(Sheep production 








$4- $99 hd 
$3,528-$ 38 ,178 
$33 - $175 hd 
$26 $39 - $ 137 hd 
$6,000 -$1 3,83 1- $ 18 ,7 22 
$35 -$5 3-$ 84 
$197 $1 6- $800 
$8,169 $4,421 - $38,461 
606 16- 2400 acres 
248 3 .5-120 acres 
2.5 .10-10 acres 
$1,923 $68 - $10,000 acre 
$ 797 . 819 $0-$1,105 , 600 
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"Table 21 . Continued" 
Standard 
Characteristic Mean De v iation Ran ge 
Land value 
per mature 
br eed ing ewe $ 2, 453 $ 3, 281 $0-$9,936 ewe 
Grain f ed per 
mature breeding 
ewe (cwt) 1. 6 1. 8 .1-7 cwt 
Hay fed per 
mature breeding 
ewe (pounds) 1200 800 240-380 lbs 
Salt fed per 
mat ure breeding 
ewe (pounds) 6 10 0- 53 lbs 
Buildings, 
mac hinery, and 
eq uipment val ue 
per mature 
br eeding ewe $113 $89 $6-$4 25 ewe 
Ratio of ewes 
per ram 40 16 20-75 ewes 
Number of years 
r ams are retained 
f o r br eed ing 3.5 1.4 1-6 ye ars 
One produce r ret ained his 1979 wool clip until 1980. 
enter pri se . Th e result s were ave r aged to derive a norm 
value for the state . Ea ch individual lamb crop percentage, 
reported by the pr oducers interviewed, were rechecked with 
info rm atio n acquired through the question a ire , usin g the 
procedure mentioned above. This check result ed in a 
reduction in lambing per ce nta ges for two pr od uc ers to 
co mply with the main body o f information furnish ed by th e 
questionnaire. 
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Wo o l Production 
The average value of wool produced for all farms in 
this study, was derived by summing wool revenue (price/pound 
X total pounds produced + wool incentive payments) for each 
enterprise, then dividing this value by the total number of 
enterprises. Total numbers of sheep shorn was obtained by 
subtracting replacement ewes (raised and purchased), from 
1979 ending inventories. Table 22 illustrates the 
fluctuation of wool prices from 1972 to 1979 in Utah. These 
prices do not include wool incentive payments . The increase 
in average annual wool prices may be attributed to 
increasi ng demands for wool. 
Two prod ucers were equipped to handle the shearing of 
their own flocks. They submitted a zero cost value for 
their shearing expenditure. 
Seventy-three percent of all enterprises shea red their 
flocks during April and May. The remaining flocks were 
shorn in Feruary and March. 
Sixteen producers increased their gross reven ues by 
selling cull sheep. The average reven ue derived from these 
sales were $230, with a standard deviat i on of $207. The 
receipts from cull sheep sales ranged from $16 to $800. 
Costs and Revenues 
Table 23 represents a modified income statement for a 
traditional Utah farm flock sheep enterprise. All items were 
calculated using 1979 market values and information acquired 
Table 22 . \'lool: r~onthly & annual average prices per pound received by f a r mers in Utah. 
An n ua l 
Jan F'eb Mar Ap r Ha y June July Aug Sep Oct Nov Dec Av e r age 
1972 16 23 2 1 26 25 27 ' 35 30 1 35 {JR) 23 (38) 26 
1973 82 79 79 80 75 ' 85 82 (89) 79 80 82 82 78 
1974 ( 105) ' 76 58 66 61 59 66 60 59 52 44 39 59 
1975 42 39 36 40 45 43 47 45 51 (56) ' 55 45 .4 
1976 (6 8) 59 66 63 64 1 67 (68) 62 (68) 66 65 
1977 ( 74) *69 68 66 63 63 59 65 56 59 64 67 64 
197 8 6 1 63 67 (72) 69 69 69 *7 1 67 ' 7 1 ·76 ' 7 1 70 
1979 7 1 71 79 87 87 ' 90 86 ' 90 86 88 88 ( 9 3) 88 
Economics , Statistics Coope rative Services,Agricultural Pr i ces Annual Summary. USDA I Washington, D.C. (Various 
1s.5Ue3 released in June of each year). 
Average pr i ces do not include i ncen tive payments. 
() hi ghes t annu al pr ice 




from the questionnaires. The following per ce ntages were 
used to calc ulate a representative straight line 
depre c iation schedul e: 1) buildings & corrals - 5%, 2) 
equipment 10%, & 3) livestock - 14%. When in actual 
practice, these items would be depreciated somewhat 
differently. Each item would be depreciated over its 
productive life span, starting with its initial introduction 
into the enterprise. The above procedure was used as a 
means of simplifying this accounting process. 
Table 24 illustrates costs, returns, and number of 
lambs marketed per mature breeding ewe (MBE) on each 
production ente rpri se in this study. 
Total cost for each enterprise was calculated for the 
1979 production year using the following equation. 
Cost PECSHP * RPAID + GRAINF * SGRAIN + HAYTON 
* SHAY + PELLET * SPELET + TCOMIX * SMIX 
SNACL + SHORNR * SSHRAM + SHRNUU * SSHRNU 
+ CCPRO 
Where: 
PECSHP Th e percentage of each producers' total 




Amount of total rent paid for leased property. 
Amount of grain (tons) fed to sheep during 
production year, 1979. 
the 
SGRAIN =Price per ton pa id for grain fed. For farm produced 
gr a ins used for sheep feed, the following opportunity or 
Table 23. Modified income statement 










Market Lambs (18,200 lbs@ $.64 lb) 
Wool (1700 lbs@ $1 . 02 lb) 













1 ' 734 
142 
13,524 
Grain or complete ration (30,000 lbs @ $.05 lb) 
Salt & Minerals (1200 lb@ $.03 lb) 









Harvested Forage (240,000 lbs @ $.03 lb) 
Veterinary Medicine 
Marketing 
Utilities & Fuel 
Supplies 
Labor (2 . 5 Hrs/hd @ $4.00 hr.) 
Shearing ($1.60 per head) 
TOTAL VARIABLE COSTS 
FIXED COST 
Repairs and Maintenance 
Depreciation 
Interest 
Taxes-Property and Livestock 
TOTAL FIXED COST 









Table 24 . Am ount s of net revenue, pr of i t per mature 
breeding ewe, t otal cost, total revenue, and number of lambs 
marketed per matur e breeding e we on 26 Utah f arms, 1979. 
Net Revenue 
1) ::t ~:6~8 
3) $ 217 
4 ) $ 542 
5) $11,475 
6) $3,105 
7) $ 1,855 
8) -$ 989 
9) $ 2,845 
10) -$13,831 
11 ) $ 613 
12) $ 1 ' 319 
13) -$ 534 
14 ) $ 2 ,168 
15) -$ 906 
16 ) $ 4,063 
17 ) $ 3 ,747 
18) -$ 2 ,187 
19 ) -$ 721 
20) -$ 2,451 
21) $18,722 
22) $ 2 , 322 
23) $ 6,296 
24) $ 2 '037 
25) $ 7' 975 
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$ 9,94 6 
$ 11 ' 381l 
$31l' 178 
$ 7' 188 
$17,540 
$ 6, 447 
$ 3 ,9 37 
$ 5,327 




$11 ' 858 
$ 19,7 39 
$ 9.915 
$ 9,828 
$ 4' 122 






$11 ' 352 
$23,772 
$15,9 86 
$2 8 ,4 81 
$1 3 ,75 8 





$ 5, 9 13 
$ 6' 105 









$ 6' 159 
$12,241 
$18,939 





























1 . 03 
1. 50 
. 91 
marke t values were used in calculating costs & r evenues. 
Ba rl e y--$100/ton, corn--$105 / ton, oats --$106 / t on . Thes e are 
average values obtained from the Utah Agricultural Stati stic 
1980 , pertaining to the pr oduction year, 1979. 
HAYTON = Tons of hay fed t o sheep during 1979 . 
SHAY = Price per ton paid f o r hay fed to sheep. For hay 
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grown on the f arm and used for sheep feed, a va l ue of 
$57/ton was use d as a market value or opportunity cost (Utah 
Agricultural Statistic . 1980) . 
PELLET Tons of pell e ts f ed to sheep. 
SPELET Price per ton pai d for pellets. 
TCOMIX Tons of commerci al mix fed to sheep. 
SMIX =Price per ton pa id for commercial mix. 
SNACL = Price of salt f ed to sheep . 
SHORNR Number of rams shorn during the produ c ti on yea r. 
SSHRAM 
SHRNUU 
Cost per ram shorn. 
Number of mat ure br eed ing ewes shorn during the 
production yea r . 
SSHRNU = Cost per ewe shorn . 
CCPRO = Selected c<Jsh costs of operation . (e.g . , vet e rinary 
suppl i es, int erest, utilities, etc. ) 
Tot al revenue . for each e nt e rprise, was calculated for 
the 1979 production yea r as follows . 
where: 
REV = NUMLAM * AVEWT * SLAMS + SWOLLS * 
AVEFLW * SHORN + REVCUL 
REV = Total reven ue . 
NUMLAM =N umber of lambs ma rket ed . 
AVEWT Average weight of all lambs marketed. 
SLAM S Dollar v<Jlue , pe r hundr ed we ight of lambs marketed . 
SWOLLS Dollar val ue, per pound, of woo l mar keted. 
AVE FLW Averag e fl eece wei ght per sheep shorn. 
SHORN = Number of sheep s ho rn . 
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REVCUL Revenue deriv ed from culled sheep. 
La nd and Equipment used in Sheep Pr oduct i on 
To ascertain the quantity of land utilized in sheep 
pr oduction for eac h ent e rpris e. owned and leased ac r es were 
multiplied by PECSHP a nd summed. This value was then 
d ivided by SHRNUU to evaluate ac re s on a per MBE basis. 
Th e value o f all owned prope rty, utilized f o r sh ee p 
production, was derived by mul t iplying owned acre s by PE CSH P 
for each enterprise. Th ese values were then divided by 
SHRNUU, and averaged to acq uir e a norm value f o r land by 
MBE . 
The value of equipment used in the produc tion of l amb 
was d er ived in the s ame mann er a s mentioned above. Total 
equipm ent value for each e n ter prise. wa s mu lti pl i e d by 
PECSHP a nd then di vided by SHRNUU . 
Breeding Programs 
Th e mo nths of August, September, October and November, 
were repr e sentat i ve of beg inning the breeding season. Of 
tho se interviewed, two producers leave their ram s with the 
flo ck ye a r round. Leaving the r ams in with th e e wes un til 
the f o llowing spring a nd summer was a ty pi cal pr act i ce f or 
those producers pa rti cipat in g in the study . Th e most common 
month for sta rti ng the breeding season was November. Forty-
six percent o f the producers sta rt ed their breeding programs 
during this per iod. The r emaini ng twel ve ope r a tors were 




Lambs were marketed at an average weight of 104 pounds. 
The peak marketing months wer e August, September, a nd 
Octobe r. During thi s period, fifty-five percent of all 
lambs marketed were sold . The fall and early winter months 
of November and December claimed a lamb market total of 
twenty - nine percent . The marketing of lambs was light 
during May, June, and J ul y. A total of fift een percent of 
all lambs marketed were sold at this time. 
One operator reported that he marketed his lambs during 
the month of March. However, his reported br eedi ng period 
indicated a fall marketi ng season, therefore, this oper3tor 
was included in the marketing period of August, September . 
and October. 
Table 25 illust rates the fluctuation of monthly and 
annual average prices per one hundred pounds of lamb 
received by Utah farmers over a seven year period . I n 1979, 
the highest market lamb prices were re alized during 
September a nd October . This comp ares with the produce r s 
interviewed in this study who sold over fifty percent of 
their lambs during this period. 
Gross average revenues totaled $13,592 for the 1979 
production year. Average lamb receipts contributed $11,716, 
while average wool receipts were $1,734. 
Table 26 illustrates lamb r evenue as a percent age of 
Table 25 . 
Utah . 
Lambs : Monthly & annual average pri ce per 100 pounds rec e ived by farmers in 
Annu a l Jan Feb Mar Ap r May June July Aug Sept Oct Nov Dec Aver. 
19 72 25.50 27 .oo 26 .so 25 .so 27.20 28.60 (30.30) 1 29.00 28.00 27.30 27.20 28.00 27 . 70 
1973 31.80 3). 70 ' 37 . 60 3U. 50 31.30 36 .UO 33 . 90 (U1.30) · 28.90 31 . 10 32.50 33.80 31.90 
197U 37.90 (38.30) 3U.20 3U.60 37.80 1 38.20 36 . 10 35.30 31. 10 32.30 3l.90 JU.70 3'1. 90 
1975 (50.00) •us.oo U7.0 0 U6.00 36.00 38 .00 3U. 00 35.00 q 1. 00 U7.00 uu .oo •us.oo U2.70 
197 6 U6 . UO U5.90 U6. 10 U9. 20 (52. 70) 1 U9.60 us.so q 1. 60 U2 . 00 '13. 70 U1 .00 u 1. 70 '11.70 1977 uu.ao us. 80 us. so U5. 30 U6.60 U9 . 90 50.00 U9.70 so. 60 1 5 1.80 U9.50 (53.90) 50.00 
1978 57.70 58.70 1 61.00 59. 10 59. 10 59. 10 56 . UO 57.00 (62.20) 1 61 . 00 59 . 60 60.60 59 . 50 
1979 6U. 20 65.U O 61. 50 63. 10 63 . 50 61. uo 59 . 90 57.30 (67.UO) 1 65.50 63.70 62.U O 6) . 00 
Ec ono mi cs , Statistic, Cooperative Service, Agricultural Pri c es Annual Summa ry . USDA, Washington, D. c. (V<Jriou.s 1 s sues r e le as ed in June of each year). 
( ) Hig hest Annual Price 




total revenue, and lamb and wool receipts on all farms 
participating in this study. 
Table 26 . Revenue r eceived fr om the sal e o f lambs as a 
percentage of tot a l re venue and total lamb and wool re cei pts 
on 26 Utah f arms, 1979. 
Revenue from the 
sale of lamb as a Lamb Woo l 
percentage of total r e ve nu e Revenu e Rev enue 
1) 82 $12,426 $2,783 
2) 94 12,376 808 
3) 87 9,878 1 ' 174 4 ) 89 2 1 '087 2,450 
5) 88 14,040 1 ' 945 6) 84 23 , 868 4, 3 13 
7) 83 11 '5 34 2 ,064 
8) 100 8 ,957 0 
9) 80 11 '397 2 , 67 1 
10) 90 22,050 2,072 
11 ) 78 6' 100 1 '4 00 
12) 84 15,903 2 , 620 
13) 58 3 ,420 1 '9 68 
14) 85 5 , 200 870 
15 ) 82 3 ' 611 760 
16) 81 6,200 1 ' 241 
17 ) 88 8' 913 1' 188 18) 79 3 ,7 76 989 
19) 81 4, 026 85fl 
20) 91 8,580 826 
21) 87 33,480 4' 181 
22) 89 10,893 1 ' 344 
23) 90 14,508 1 '616 24) 87 5, 359 800 
25) 88 10,800 1 '441 26) 86 16,232 2,717 
Sheep Losses 
It is evident, that the pr oduction of, a nd control o f 
lamb losses is i mporta n t wh ere lamb re c eipts make up eighty-
fiv e percent of gross revenues. Total number o f livestock 
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losses r epo rted by those operators interviewed included 696 
lambs, 283 ewes, and fourteen rams. Table 27 gives a 
percentage break down of the above values and co nt ributing 
f acto rs to these li vestoc k losses . 
Tabl e 27. Percent loss of lambs, ewes, & r ams by cause on 




Dise a se 33% 










*L ivestock losses in cl ud ed , lambs (696 head ), ewes (2fl3 
head), rams ( 14 head). 
Th e highest singl e contributing factor to the loss of 
lambs was predation. A few operato rs reported the loss of 
l~mbs to dogs . Howe ve r . the most fr equently occurring 
complaint was loss es due to coyotes . 
One third of all e we and ram losses were attributed to 
dise a se. The most common diseases reported regarding lamb 
losses were, pn eumonia, scours, and tetanus. Th e majority 
of all ewe deaths were attributed to pneumoni a, pregnancy 
toxemia and bloat. Losses within the category of other and 
unkn own would includ e drowning, suffocation, equipment 
accidents, death resultin g from other species of livestock, 
and animals that had di ed from no distinguishabl e cause. 
Th e percentage of l ambs lost to each category is summarized 
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in Table 28 by the number of producers parti cipating in the 
study. 
Table 28. Number of producers loosing lambs wi th reg ard to 
a percentage of each category on 26 Utah farms, 1979. 





















Yearly percentages of stock sheep replaced on all farms 
involved in this study are reported in Table 29. Of the 
tot al number of stock sheep replaced per year, seventy -seven 
percent of all ewes are r aised as replacements on the farm. 
Whi le ninety- two percent of all rams replaced, wer e 
purchased from off - farm source. 
Creep Feeding 
Twelve producers started lambs o n a creep feed . Of 
these twelve producers, the average number of lambs on creep 
feed were 183 head with a mode of 150 head. 
Labor Force 
The available labor force for farms in this study 
consisted typically of owner/operator plus one family 
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Table 29. Percentage of stock sheep replaced per year by 
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member. Four enterprises used herders to tend their flocks 
on summer r anges, as a result of combining flocks from 
neighboring operations. Seven other enterprises utilized 
range land during the production year 1979. It was assumed 
that the acreage involved was fenced wh en no expenses for 
herding and no herder labor was reported. 
Linear Multiple Regression Analysis 
Data 
The dependent variables used in the three models 
developed for this study were: 
1) Profit per head of mature breeding ewe (PPH). 
2) Percent lamb crop (PERLCR). Percent lamb crop was 
derived by summing the number of lambs marketed, plus the 
number of replacement ewe lambs raised, and dividing this 
amount by the number of mature breeding ewes (MBE ) . 
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3) Total lambs lost (LAMLOS). Total lambs lost was 
comprised of the sum of the percent lambs lost to dise a se, 
predation and other causes . 
The independent variables that were tested in Model I, 
wer e as follows: 
1) AGE--age of each producer participating in the study . 
Age was selected as a potential measurement of th e physi cal 
capability of the producer. PPH was expected to dec line 
with each additional year of age of the producer. 
2) TENURE--the number of years each producer had been 
involved in sheep pr oductio n. Tenure was chosen as a 
po ssi ble measure of the produ cers expertise in the 
production of lamb. It was expected that with an increase 
in tenure PPH would increase. 
3) OWORK--other occupation producers are involved in, 
relating to a) agricultural or b) nonagricultur al (e.g., 
teaching, mining , etc.). A dummy variable was used to 
permit OWORK to be used in the regression, (0 other 
agricultural related occupations, nonagricultural 
related occupations). All producers involved in other 
agric ulur al related occupations were hypothesized as showing 
a positive contribution to PPH. 
4) PECSHP--percentage of each producers• agricultural 
enterprise represent ed by farm flock sheep production. 
PECSHP was selected as a likely measure of the individual 
producers' specialization in sheep production. Those 
producers having a higher percentage of their ag ri cultural 
enterprise represented by farm flock sheep product ion were 
so 
expected to demonstrat e a positive and in c reasing 
contrib ution to PPH . 
5) RAMRET--the number of years a ram is ret ained for 
bre eding purposes. It was hypothesized that the number of 
years a ram is retained for breeding is negatively 
correlated with PP H. 
6) TECH--the number of improved management techniques 
employed by each producer , (see appendix A. questionnaire 
page 122) . An increasing number of techniques used by the 
producer were expected to be positively correlated with PPH. 
7) SHORN - --the inventory of mature breeding ewes and rams 
ending December 1979, for each producer . SHORN was selected 
as an independent variable. to test the hypothesis that 
economies of scale exist for the farm flock sheep 
enterprise. 
Results 
The results of multiple regression analysis of Model J 
are listed in Table 30. The coefficients of: AGE, TECH. 
SHORN, OWORK, and PECSHP can be interpreted in the following 
way, respect i vely. 
1) For every additional year of age of each producer. profit 
per MBE is predicted to decline by $.42 . 
2) With each additional improved management technique 
employed by the producer, profit per MBE is expected to 
incr ease by $3.71. 
3) When the flock is increased by one MBE or r am . there is a 
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Table 30. Multiple regression results of Model I. usin g PPH 
as the dependent variable. 
Independent Estimated Sta nd a rd t-
variable coefficient error statistic 
ex:. -.334 .579 -. 058 
AGE - . !jp .9 32 -. 4117 
TENURE 1. 009 . 610 1. 654 
OWORK 26.3 12 22 . 173 1 . 187 
PE CSHP - 4.527 .339 -1 . "<36 RAM RET - 7. 11 7 5.327 -1 .336 TECH 3 .7 09 5.872 . 632 
SHORN .079 .090 .874 
pr edicted in c rease in profits per MBE of $.08. 
4 ) When othe r work that th e producer is involved in is 
nonagricultural r elated, there is a suggested increase in 
profits of $26.31 per MBE. 
5) For each additional one percentage in c r ease i n th e 
f ar ming e nt er pris e attr ibu ted to sheep productio n, there is 
an estimated loss of $4 . 53 per MBE. 
The estimated coe ffi cients o f AGE, TECH, and SHORN are 
consiste nt with th e original hypothesis. Howeve r, the 
estimated coeff i cients o f OWORK a nd PE CSHP do not co ncur 
with those of th e or iginal hypothesis. The t-st a tisti cs for 
each of the fi ve aforementioned independent variables were 
not sig nific ant . 
Th e inde pend ent var i ables, TEN UR E and RAM RET, are 
st atistia lly signif icant at a confidence level o f ten 
per cent (ten per cent level of significance. for a single 
t ai l t est and ni neteen degrees of freedom;::: :!: 1 . 328 ( La pin , 
